Rotationally cold absorption and two-photon ionization spectra of CO in the 90-100 nm region have been recorded at a resolution of 0.3-1.0 cm
I. INTRODUCTION
Ever since Letzelter et al. 1 showed the photodestruction of CO to occur primarily at energies above 100 000 cm Ϫ1 ͑12.4 eV͒, with the dissociation process dominated by discrete rather than continuous absorption, renewed efforts have been made to refine the early analyses of the CO absorption spectrum by Ogawa and Ogawa 2, 3 and to apply modern high resolution techniques to the study of the many interactions that shape the rovibronic structure at energies where the Rydberg series built on the X 2 ⌺ ϩ ion core converge to the first ionization potential 4 -8 at 113 027.5Ϯ0.3 cm Ϫ1 . Ten years prior to the study by Letzelter et al., 1 Casey 9 had already undertaken detailed rotational analyses of a large number of absorption features in the 80-120 nm regions of 12 C 16 O and 13 C 16 O. Apart from room temperature spectra, Casey had at his disposal rotationally cold spectra, all of them photographically recorded at the National Research Council in Ottawa using a 10 m grating spectrograph 10 with an estimated resolution of 0.7 cm Ϫ1 . This unpublished work has significantly contributed to a more recent review by Eidelsberg and Rostas 11 of absorption and photodissociation data for the four main isotopomers of CO. The effective parameters for many of the CO states are now fairly well established, owing primarily to the work of Ebata et al. 4, 7, 12, 13 who use state specific triple-resonant photoionization and ion dip methods to probe higher members in the s, p, d, and f series from the 3s, B 1 ⌺ ϩ or 3 p, C 1 ⌺ ϩ lowest Rydberg states of CO. The Rydberg levels are, however, not without anomalies. Frequently, molecular constants and isotope shifts are found to be incompatible with expectations based on the parameters of the ion core, and the Rydberg←Rydberg transitions tend to violate not only the one-electron atomic selection rule ⌬lϭϮ1, but also the selection rule ⌬vϭ0 that ought to govern the transitions from the B and C states to Rydberg levels built on the same ion core. The most striking aspect of the absorption spectrum is the diffuseness of many of its features. Line widths vary in seemingly random fashion from one band to the next and are strongly affected by isotopic substitution. Ab initio studies by Cooper and Kirby 14 -16 suggest that this behavior, like the anomalies mentioned in the previous paragraph, has its origin in widespread interactions of the lowest Rydberg states with valence configurations. Because of their large internuclear distances, the valence states are not readily accessible from the neutral ground state. The one exception is the ...1 3 5 2 2, DЈ 1 ⌺ ϩ state, shown in Fig. 1 , which has been characterized by Wolk and Rich 17 from ultraviolet ͑UV͒ laser induced fluorescence studies of vibrationally excited CO. Tchang-Brillet et al. 18, 19 were able to show that the interaction with the repulsive part of the weakly bound DЈ potential accounts for large changes to the vibrational and rotational parameters of the 3s, B 1 ⌺ ϩ Rydberg state and for the increasingly large predissociation widths of its vϭ2 and 3 levels. At energies above 99 000 cm Ϫ1 , the strong coupling of the B and DЈ potentials leads to the appearance in absorption of 1 ⌺ ϩ resonances that are distinguished by widely varying intensities and line widths. Three such levels, observed in the spectra of four isotopomers, will be discussed in Sec. III A. The perturbations persist in higher members of the ns series where the interactions are expected to scale according to n Ϫ3/2 . The DЈ state displays a potential maximum at r Ϸ1.98 Å 14 with a barrier height of close to 1048 cm Ϫ1 relative to the 3 Pϩ 3 P dissociation limit at 89 592 cm
Ϫ1
. 18 It is considered 17 to be the product of a strongly avoided crossing of a bound 1 ⌺ ϩ state 20 arising from the 1 Dϩ 1 D limit by a purely repulsive 21 or only slightly bound state 22 of the same symmetry from 3 Pϩ 3 P ground-state products. The second adiabatic potential resulting from the interaction is most likely the ab initio predicted CЈ 1 ⌺ ϩ state of Cooper and Kirby.
14 The calculations 14, 23 place its minimum at about 107 600 cm Ϫ1 above the minimum of the CO ground state and predict an internuclear distance of close to 1.8 Å. In the 106 600-110 400 cm Ϫ1 region of four isotopomers, we identify fragments of a progression of strongly red shaded and mostly diffuse 1 ⌺← 1 ⌺ bands which seem to support the expectations. Section III B links the upper-state levels of the bands to the CЈ potential, pointing out similarities with the A states of the alkali hydrides 24 which also represent the upper adiabatic component of an avoided crossing of a strongly bound state by a repulsive potential from ground-state products. The analysis shows the ab initio calculations to underestimate the depth of the CЈ potential, possibly by as much as 5400 cm Ϫ1 . Section III C investigates the low-n p complexes at energies between 103 000 and 109 600 cm Ϫ1 . The 4p(vϭ0) complex with its component at 103 054 cm Ϫ1 has been described before. 25 Here, we resume the modeling of this complex and of the alleged 3d(vϭ1) level long noted 9, 11 for its anomalously small rotational constant, assuming both ⌸ levels to interact with one 1 ⌸ perturber of mixed Rydbergvalence type. The 5p(vϭ0) and 4p(vϭ2) complexes at 107 174 and 107 366 cm Ϫ1 interact with two 1 ⌸ perturbers, one diffuse and clearly of valence type, the other of mixed character and resembling the perturber involved with 4 p(vϭ0) and 3d(vϭ1). The result is a very complex spectrum that has lead to conflicting band assignments by earlier investigators. 9, 11 Finally, the narrow interval from 109 300 to 109 600 cm Ϫ1 contains transitions to 4p(vϭ3) and 5p(vϭ1), 25 the component of the former interacting with a bright 1 ⌺ ϩ level assumed to have mixed 4s ϳDЈ 1 ⌺ ϩ character. Also involved is a dark 1 ⌸ state of unknown origin.
Considerable confusion rules the labeling of the singlet Rydberg states of CO. Some authors adhere to the familiar custom of using capital letters, others prefer the ad hoc number indices from Refs. 1 and 11, or they chose a combination of the two schemes. We retain the letters B, C, and E for the 3s, 3p, and 3p lowest Rydberg states. For deperturbed levels of higher n, we prefer the notation X ϩ (v)nl or A ϩ (v)nl adopted from Ref. 26 and now well established for Rydberg states of the N 2 molecule. 27 A shorter notation, nl(v) or nl(v), may also be used. The observed perturbed vibronic levels included in a least-squares fit will be referred to by their symmetry, numbered in order of increasing energy ( 
II. EXPERIMENT
Rotationally cold absorption spectra in the 87.5-111.0 nm region of four CO isotopomers ͑12-16, 13-16, 12-18, 13-18͒ have been photographically recorded on Kodak SWR plates using the pulsed supersonic free jet expansion installed at the 10.6 m vacuum ultraviolet ͑VUV͒ spectrograph of the Observatoire de Paris in Meudon. 25 The background continuum was emitted from a three-electrode vacuum spark appropriately synchronized with the pulsed jet expansion. With a 30 m slit, and working in first order of a holographic normal-incidence concave grating having 3600 lines/mm, we achieved a resolution of marginally better than 1 cm Ϫ1 . The rotational temperature of weak bands was estimated at around 10-20 K, the uncertainty being greater for strong transitions, which tend to exhibit tails of high-J lines owing to absorption by warmer CO gas along the light path of the experiment. The spectra, measured against Cu II lines recorded in the same order, have been calibrated with the help of the Ar resonance lines at 104.821 99 and 106.665 99 nm and N 2 impurity lines of known wavelengths. 28 We have also made use of room temperature spectra recorded earlier 11 under equilibrium conditions. Photographic jet absorption spectra for the main isotope were also recorded using a continuous jet expansion at the 6.65 m VUV spectrograph 29 on beamline 12-B of the Photon Factory synchrotron facility in Tsukuba. Details regarding the interfacing of the jet expansion with the synchrotron radiation may be found in Ref. 30 . Taking advantage of the zero-dispersion order sorter described by Ito et al., 29 and using a slit width of 10 m, we recorded the spectra in the sixth order of a 1200 lines/mm concave grating at a resolution of ϳ0.5 cm
Ϫ1
. They were measured against CO fourth positive emission lines recorded in the overlapping third order. Where well-defined lines can be compared with calibrated two-photon ionization measurements, 31 the required corrections turn out to be of the order of ϩ0.40 cm Ϫ1 . Other data are used without correction.
Information complementary to the photographic data comes from resonance enhanced two-photon ionization spectra recorded in 1993 and 1995 at the Laser Center of the Vrije Universiteit in Amsterdam. The VUV laser setup and its application to spectroscopic studies of CO has been described by Eikema et al. 31 Very briefly, the coherent VUV radiation is produced by nonlinear upconversion of the visible output from a tunable dye laser using frequency doubling in a crystal and subsequent frequency tripling of the generated UV light in a pulsed ͑ϳ10 Hz͒ rare-gas jet. The VUV light crosses a skimmed CO jet at right angles, exciting the CO molecules to a Rydberg level from where they are transferred to the ionization continuum by the powerful UV light that overlaps the VUV beam both spatially and temporally. The resulting 1VUVϩ1UV signal is registered by detecting the time-of-flight mass selected CO ϩ ions. The VUV band width is close to 0.30 cm
, increasing slightly with decreasing wavelength to 0.44 cm Ϫ1 at 90.5 nm, 32 the shortest wavelength attainable with the frequency doubled Nd:YAG pump laser. The visible output of the dye laser at its fundamental frequency is used for on-line calibration of the VUV spectra against iodine standards;
33 the absolute accuracy of the CO line wave numbers is estimated at Ϯ0.13 cm
. 31 Finally, the rotational temperature of the two-photon ionization spectra can be controlled by varying the stagnation pressure of the CO jet expansion, the distance of the nozzle orifice from the interaction region, and/or the time delay settings.
III. RESULTS AND DISCUSSION
The observed R, Q, and P branch transitions, properly weighted, have been fitted to transition energies calculated from the known ground state constants of CO 34, 35 and from the eigenvalues of simple Hamiltonian matrices which model the Rydberg complexes and their interactions with the perturber states. The diagonal matrix elements, ͗n,v,⌳͉H ev ϩH r ͉n,v,⌳͘
are complemented by off-diagonal elements representing the homogeneous interactions with the perturbers, ͗n,v,⌳͉H ev ͉nЈ,vЈ,⌳͘,
͑2͒
and the l uncoupling interaction between the e levels of a p complex, ͗n,v,l,⌳,e͉H r ͉n,v,l,⌳Ϯ1,e͘
.
͑3͒
The ⌳-type doubling of the 1 ⌸ perturbers, before allowing for their interactions with the Rydberg levels, is assumed to be negligibly small. Also, the homogeneous interactions between Rydberg levels built on the same core, but differing in the vibrational quantum number v, are expected to be very small and will be neglected for the purpose of this work.
Most of the line wave numbers and term values treated in the following sections have been collected in Tables A-I , and that the upper states are coupled by a matrix element of 112 cm Ϫ1 . Figure 2 reproduces the spectrum of 12 
C
16 O. The stronger band of lower energy displays a clear zero gap in the jet absorption spectrum of trace a, and the room temperature spectrum of trace b reveals a series of broad P branch lines, their intensities reaching a maximum for P (6) or P(7) before rapidly falling off for higher rotation. At the tenfold increased pressure of trace c, considerably narrower lines of high J begin to appear in the P branch of the weaker band, together with a linelike feature at 99 994.4 cm Ϫ1 that contains the corresponding high-J R lines. In trace d, finally, with the pressure increased by yet another factor of 30, the P and R lines of the weaker band can be followed right down to the zero gap, except for P (6) and P(7) which seem to be absent. The very different relative intensities of the bands, as well as the prevalence of high-J over low-J transitions in the less saturated band at 99 970 cm Ϫ1 , are readily understood ͑see, e.g., Ref. 39͒ in terms of transition amplitudes from the X 1 ⌺ ϩ (vϭ0) ground state to two interacting 1 ⌺ ϩ levels which the deperturbation shows to be mixtures of B (6) and X ϩ (0)3d, the former having substantial DЈ character. The observed amplitudes arise from constructive and destructive interference of the unperturbed and nearly equal amplitudes in the bands of lower and higher energies, respectively, strengthening the former at the expense of the latter whose P branch lines are seen to disappear at around 99 940 cm Ϫ1 for rotational quantum numbers close to the crossing of the unperturbed levels. Figure 3 reproduces the corresponding bands of 12 C 18 O. The discrete structure is confined to the band of lower energy, and the band of higher energy appears as a broad continuum with P and R branch maxima at ϳ99 865 and 99 935 cm
Ϫ1
. Similar spectra were recorded for the 13-16 isotopomer. The diffuse peak near 99 935 cm Ϫ1 of trace c, recorded at a pressure of 3ϫ10 Ϫ3 Torr, is also seen in trace d of Fig. 2 where it arises from absorption by the 12-18 and 13-16 isotopomers in natural abundance at a combined partial pressure of 2ϫ10 Ϫ3 Torr. With the help of low temperature spectra, the assignment of rotational quantum numbers is straightforward, except for 13 C 16 O where the input data consist of a small group of low-J jet absorption lines and a series of unrelated high-J P lines from room temperature spectra. The correct numbering of the latter was established by systematically changing the assigned J values in search for the best fit of the calculated to the observed line wave numbers.
Term values for the two interacting 1 ⌺ ϩ states of three isotopomers are collected in Table A-I. 36 Figure 4 displays the reduced terms for 12 C 16 O. The deperturbed levels B(6) and X ϩ (0)3d are calculated with parameters from Table I , taking into account the l uncoupling interaction of the with the component 3 of the 3d complex. For the main isotope, the deperturbed terms cross between Jϭ7 and 8, close to predictions made from the disappearance of P (6) and P (7) in the band at 99 970 cm Ϫ1 . The molecular parameters in Table I The corresponding transition of 13 C 16 O is hidden inside the diffuse, though partly resolved, X ϩ (0)4s band reproduced in Fig. 5 . The line assignments in the lower part of the figure emerged from a careful search for known ground-state combination differences. Figure 6 shows the crossing of the 4s(0) and B(7) rotational levels at Jϭ3 to be weakly avoided with a matrix element of 1.3 cm Ϫ1 . In 12 C
18
O, the B(7) perturber has shifted to lower energies, leaving no signs of an interaction with 4s(0). The rovibronic term values and derived molecular parameters for all three isotopomers can be found in Table II where, incidentally, the rotational constants for X ϩ (0)4s are seen to be substantially smaller than Bϭ1.8810 or 1.8738 cm Ϫ1 for the 13-16 or (6) with X ϩ (0)3d of CO. The parameters ͑cm Ϫ1 ͒ for three isotopomers derive from nonlinear least-squares fits to the observed R and P branch transitions. Adjusted parameters are given with 1 error limits ͑in parentheses͒ in units of the last-quoted decimal place. Other parameters were kept fixed at their estimated values. J-independent electronic factor ␣ of the matrix element ͓Eq. ͑3͔͒. 12-18 ion core, a sure sign that X ϩ (0)4s, too, mixes with DЈ 1 ⌺ ϩ . Figure 7 reproduces the jet absorption spectra of four isotopomers in the region from 104 900-105 700 cm ͒. Numbers in parentheses give the differences obsϪcalc for levels used in the least-squares fit, or 1 error limits for the derived parameters, both in units of the last-quoted decimal place.
12-16
13-16 12-18 Figure 8 summarizes the results. The shifts above and below the crossing are seen to be of comparable magnitudes, though not necessarily of the same sign, creating a pattern that is reminiscent of the level shifts evaluated by Atabek and Lefebvre 38 for a similar interaction in the spectrum of Se 2 . 42 At energies below the crossing, the shifts for all four CO isotopomers follow the same energy dependence, which is determined by the shape of the distorted B state potential curve. At higher energies, above the crossing, the shifts present a more complex pattern that cannot be rationalized in terms of a single potential curve.
Based on parameters derived by Tchang-Brillet et al. 18 from the modeling of the B(vϭ0 -2)ϳDЈ interaction, Andric et al. 37 used computational methods to predict the resonances arising from the fully coupled potentials at higher energies. A comparison of their Fig. 3 with Fig. 8 37 are based on parameters which, although optimized for best representation of the BϳDЈ mixed levels from v ϭ0 to 2 or 3, 18, 19 are inadequate for long extrapolations to levels as high as vϭ9 or 10. Instead of adjusting the core Table IV. A systematic search of the jet absorption spectra of four isotopomers reveals a small number of additional bands, all of them weak and narrow features of varying diffuseness. One band showing barely detectable rotational structure is reproduced in Fig. 9 . The bands are generally free of overlapping features, the exception being a narrow continuum of 12 C 16 O at 110 314 cm Ϫ1 which is blended with sharp structure arising from the much stronger transition to the 7p(0) complex. Table V summarizes the vibronic data. The vibrational intervals increase, rather than decrease, with increasing quantum number v. The anomaly is familiar from the spectra of the alkali hydrides 24 where the negative anharmonicity of the A 1 ⌺ ϩ first excited state can be traced to the unusual shape of the A state potential which, together with the ground state, results from an avoided crossing of a bound by a repulsive state. That the same anomaly is displayed by the four progressions of Table V 2 ) by adjusting the integer x of the first column until the best fit of the calculated to the observed energies was found for xϭ7; 2 is the ratio of the reduced masses, / i . A rather long extrapolation establishes the CЈ potential minimum at T e Ϸ102 200 cm Ϫ1 , or at ϳ5400 cm Ϫ1 below the ab initio calculated minima. 14, 23 The vibrational frequency, e ϭ718 cm Ϫ1 , exceeds the ab initio result 14 by 20%. The most puzzling aspect of the levels attributed to CЈ 1 ⌺ ϩ is their visibility from vϭ0 of X 1 ⌺ ϩ . In Fig. 1 , the energies and r values of the rotationally analyzed levels ͑Table IV and Fig. 9͒ are marked by four crosses, two of them overlapping each other. The internuclear separations are substantially shorter than the 1.91 or 1.83 Å predicted for the minima of the ab initio calculated CЈ potential curves. 14, 23 They are, however, slightly longer than in the DЈ state which is inaccessible from X 1 ⌺ ϩ except in transitions from very highly excited vibrational levels. 17 In contrast, all but one of the diffuse CЈ levels in Table V can be observed from vϭ0 of the ground state. They must be capable of reaching into the Franck-Condon allowed region, probably through interactions with high vibrational levels of mixed BϳDЈ character. For the time being, the limited range of the observations, the weakness of the bands, and the diffuseness of the upper-state levels prevent a more detailed investigation of this complex region of the CO spectrum. O, the line wave numbers used by the least-squares calculations, together with the differences obs-calc, have been listed in Tables A-II-A-IV of the Appendix. 36 For convenience, Table VI provides a summary of the input data used by the fits, including a description of the experiments and, where necessary, short comments regarding small modifications of the published data. It also includes references for 12 
C. Perturbations of the low-n p complexes

C
16 O where the observations remain incomplete and the least-squares fits unsuccessful.
Table VII and Figure 10 show the results of the leastsquares fits. Their primary goal is the characterization of the 1 ⌸ perturber whose identification with E(vϭ6) will be explained below. Wherever possible, the parameters of the Rydberg levels are kept fixed at the values for the respective ion cores, and Rydberg-Rydberg interactions with ⌬v 0 are assumed to be zero. The E(6) perturber is seen to scan rapidly through the region occupied by the Rydberg levels, crossing X ϩ (0)4p and X , which lowers the energy of 3d (1), and partly from the interaction with the ...1 4 Figure 11 illustrates the progression with a mass reduced plot of the band origins for four isotopomers, 3, 9, 11 all increased by the zero-point energies of the neutral ground states and reduced 1 ⌸ state which appears in the absorption spectrum with a perturbed vibrational progression extending from 102 807 cm Ϫ1 to higher energies. The failure to deperturb the spectrum of 12 C 16 O is undoubtedly linked to the lack of observations on the third 1 ⌸ state arising from the interaction of E(6) with 4p(0) and 3d (1) . Nevertheless, the effective rotational interaction matrix elements with 4p(0) ͑Table VII͒ show the two observed 1 ⌸ levels to be mixed with approximately equal percentages of 4p(0) character.
X
¿ (2)4p, X ¿ (0)5p (106 900-107 600 cm À1 ) Figure 12 shows the jet absorption spectra of four CO isotopomers recorded at the Meudon 10-m spectrograph. At the longest wavelengths, the weak diffuse feature labeled a represents the CЈ 1 ⌺ ϩ (vϭ7) valence state level already discussed in Sec. III B. In all four spectra, the 0-0 transition to the ⌺ component of X ϩ (0)5p, c, is clearly recognizable from its conspicuous zero gap at 107 174 cm Ϫ1 and from its nearly undergraded structure for low rotation. Except for the very weak feature labeled e, all other bands represent 1 ⌸ ← 1 ⌺ transitions. For 12 C 16 O, they include the narrow continuum b at 107 160 cm Ϫ1 whose upper state, a loosely bound and strongly predissociated level, extensively mixes with the nearest 1 ⌸ states of higher energies. The bands at 107 335 and 107 410 cm Ϫ1 of the main isotope, d and f, reflect the effects of these interactions with strongly red shaded R, Q, and P branches of broad and only partly resolved lines. The more distant bands at 107 520 and 107 682 cm
Ϫ1
, g and h, consist of sharper lines and gradually resume the undergraded structure typical of transitions to unperturbed Rydberg levels built on the ground state of CO ϩ . The final state of band h, probably X ϩ (3)3d, seems only marginally involved with the lower levels and is not included in the least-squares calculation. An expanded view of the spectrum from 107 100 to 107 450 cm Ϫ1 , complete with rotational assignments, can be found in Fig. 5 of Ref. 50 . Note, however, that for band d at 107 335 cm Ϫ1 the P(11) and Q(13) identifications must be reversed.
Eikema et al. 31 report the very weak and narrow lines of an additional ⌺-⌺ band of . Under conditions that lead to complete saturation in the region of peak absorption, a very diffuse and strongly red-shaded R and the accompanying P branch are found to emerge from its longward wing; Q lines and the head forming R lines remain confined to the region of total absorption. However, for low rotation, as pointed out previously, 50 the diffuse state reveals its partial 5p character through rotational mixing with the 5 p levels. This is particularly evident from the 1 VUV ϩ1 UV photoionization spectra of Fig. 13 where transitions to 5p(0) levels other than JЈϭ0 are either absent or very weak and broad on account of the shortened lifetimes of the levels reached by the VUV photons. JЈϭ0 remains pure ⌺. The different widths and intensities of the P(1) lines in the 12-16 and 13-16 spectra, both recorded simultaneously and in natural abundance, point to an additional dissociative decay channel that reduces the upper-state lifetimes of at least 12 C 16 O. The deperturbation analysis shows the X ϩ (0)5p Rydberg level to be dispersed over at least two states. With increasing J, its interaction with 5p(0) shifts from the diffuse 1 ⌸ upper state of band b to that of band d, leading to the formation of conspicuous R heads in transitions to 5p(0) of the 12-16, 13-16, and 12-18 isotopomers.
The present analysis is restricted to the spectrum of 12 C 16 O. Most of the experimental data used by the leastsquares fits come from jet absorption spectra photographed at the Photon Factory synchrotron facility. Data relating to X ϩ (2)4p are from Table 7 of Ref. 31 . The very faint and broad R and P lines of the diffuse transition at 107 160 cm Ϫ1 , observed for Jϭ9 -13 and 5-14, respectively, had to be interpolated on photographically enlarged room temperature spectra from the Meudon laboratory. Accordingly, their accuracy is limited, and the same can be said of wave numbers derived from the broad and only partially resolved lines in the 107 335 and 107 410 cm Ϫ1 bands. The poor precision affects the performance of the least-squares fits, and in order to assure proper convergence of the calculations, it was important to keep the number of adjustable parameters as small as possible. Table A-V 36 collects the experimental data, together with the residuals obsϪcalc. Table VIII and Fig. 14 summarize the final results of the data reduction.
The deperturbed structures emerging from the leastsquares calculations are unambiguously those of two p complexes crossed by two ⌸ levels of much smaller rotational constants. The ⌺ and ⌸ components of 4p (2) 
⌬͑⌸, ⌺͒ scales according to
Ϫ3 , being the effective principal quantum number.
The rotational constant of 5p (0) is larger than expected and is accompanied by an unduly large D value. Together, they compensate for the apparent inability of the calculations to fully reproduce the rotational interaction of 5p(0) with the fraction of 5p(0) mixed into the I 1 ⌸ perturber of lower energy. Also, it is hard to understand how the latter, having a B value of 0.500 cm Ϫ1 and an internuclear distance of 2.22 Å, is capable of perturbing a Rydberg level of only half this r value with an interaction matrix element as big as 112 cm Ϫ1 . Probably, the perturber is of mixed character facilitating its overlap with the Rydberg level. An admixture of the core excited A ϩ 3s configuration is one possibility suggested by the ab initio calculations of Cooper and Kirby. 15 The II 1 ⌸ perturber with a B value of 1.352 cm Ϫ1 resembles the highest observed E state vibronic levels, including the E(6) perturber of 4p(0) and 3d (1) . However, at an energy of 3240 cm Ϫ1 above E (7), and considering the irregular nature of the E state progression, the II 1 ⌸ level is too far removed for the connection with E 1 ⌸ to be made with confidence. The perturber mixes rotationally with 4 p(2) and 5p(0). The two interaction matrix elements are small, of the order of 1 cm
Ϫ1
, but their inclusion in the least-squares calculations does improve the overall quality of the fit. The absorption spectrum in the 91.23-91.49 nm region of 12 C 16 O has previously been described by Rostas et al. 25 and Huber. 50 The latter includes a figure that illustrates the strongly isotope dependent predissociation which transforms the comparatively sharp structure at around 109 450 cm Ϫ1 of the main isotope into diffuse, structureless bands near 109 320 cm Ϫ1 of J-independent factor of the matrix element. The heterogeneous interaction is arbitrarily assumed to be of the form given by Eq. ͑3͒.
sorption nor in the photoionization spectra, the term values come from Table IX , the internuclear separation in the level tentatively assigned as X ϩ (4)4s is found to be 1.19 Å, close to the internuclear distance at the crossing of the diabatic 4s Rydberg and DЈ 1 ⌺ ϩ valence state potentials of Fig. 1 . In reality, the crossing is avoided, and the transition to the mixed 4s(4) level is analogous to the resonances arising at lower energies from the similarly mixed 3s, BϳDЈ levels discussed in Sec. III A.
The X ϩ (3)4p level, Franck-Condon forbidden from vϭ0 of the ground state, gains its intensity through homogeneous interaction with 4s(4), and a similar transfer of intensity appears to benefit the e parity levels of X ϩ (1)5p which acquire, with increasing rotation, growing amounts of J-independent electronic factor ␣ of the matrix element ͓Eq. ͑3͔͒.
c J-independent factor of the matrix element, assuming the heterogeneous interaction to be of the form given by Eq. ͑3͒.
tion. It appears prominently in the ion-dip spectra from v ϭ1 of 3s,B 1 ⌺ ϩ , 13 but the very limited range and low precision of the data prevent us from including the 4s(4) ϳ5p(1) interaction in the least-squares calculations. The f parity levels for Jϭ1 -5 of 5p(1) have also been observed from B(vϭ1). 13 For low rotation, both parities are perturbed by a dark 1 ⌸ level of smaller B value. On the assumption that the same perturber is responsible for small irregularities near P (22) of the X ϩ (4)4s band ͓see Figs. 15͑c͒ and 16͔, its rotational constant can be estimated at 1.691 cm
. At the rotational temperatures of the spectra, most of the Q lines of the 5p(1) band are calculated to fall into the zero gap of 4p(3) where a number of diffuse and strongly temperature dependent features appear in the spectra of Fig.  15 . In the absorption spectra of traces ͑a͒ and ͑b͒, a shoulder at 109 483.5 cm Ϫ1 , just longward of the R(0) line associated with 4p(3), represents the unresolved Q branch from J ϭ1 to 4, and a much weaker shoulder at 109 479.4 cm Ϫ1 , shortward of P (1) , marks the location where the initially red shaded Q branch begins to converge again. The two-photon ionization spectra of traces ͑c͒-͑e͒ are quite different. Even at the lowest temperature, the low-J Q lines seem to be absent, and with increasing temperature, the shoulder at 109 479 cm Ϫ1 develops into a head-like feature degraded to shorter wavelengths. Very likely, the absence from the photoionization spectra of low-J Q lines in the 5p(1) band and of P (22) in 4s(4) points to predissociation of the upperstate levels induced by the 1 ⌸ perturber. In contrast, transitions to unperturbed f parity levels of higher J, barely seen in absorption, clearly benefit from the greater sensitivity of the photoionization spectra.
For JϾ10, the e parity levels of X ϩ (3)4p at 109 567 cm Ϫ1 show signs of an interaction with an unknown state of higher energy. Casey 9 already noticed additional structure at 109 640 cm Ϫ1 in the absorption spectrum of 12 C 16 O, and the same lines appear in the two-photon ionization spectrum of Fig. 15͑c͒ . From the available data we are unable to establish their connection, if any, with vϭ3 of the 4 p complex.
IV. CONCLUSIONS
The work reported in the preceding sections forms part of a systematic review of the absorption spectra of CO in the 90-100 nm region. O spectra. The levels are seen to present a nearly unperturbed behavior, with only minor irregularities arising in nϭ3 and 4 from interactions with DЈ 1 ⌺ ϩ . In contrast, the quantum defects for nϭ3, rapidly increasing with v, reflect growing admixtures of valence character in the E state vibronic levels. The nϭ4 levels are similarly affected, and even for nϭ6 and 7, the quantum defects indicate the vϭ0 levels to deviate from their expected positions by as much as Ϯ20 cm
Ϫ1
. Although most of the analyses described in the preceding sections reproduce the observed spectra satisfactorily, it is clear that the derived parameters have local significance only, and that eventually a more global approach, similar to the multichannel quantum defect methods applied by Jungen et al. 27 to the analysis of the near-threshold spectrum of N 2 , must be taken if a consistent description of the CO rovibronic structures and interactions is to be achieved.
The transition from essentially pure np Rydberg to significant valence state character is further emphasized by the strong v dependence of the rotation independent factor ␣ of the l uncoupling matrix element in Eq. ͑3͒ and shown in Fig.  18 for p complexes with nр5. From vϭ0 to 5, ␣ decreases more or less linearly by a factor of ϳ5. However, already for vϭ0, the observed value of 3.5 cm Ϫ1 is 11% smaller than calculated for lϭ1. Ebata et al. 4, 13 report similar results for p complexes ranging from nϭ4 to 9 where the observed l uncoupling for vϭ0 and 1 is best reproduced assuming l ϭ0.8, corresponding to a reduction of ␣ by 15%. The consistency of the observations over a wide range of n seems to suggest that for the lowest vibrational quantum numbers the quenching of ␣ is not so much the work of Rydberg-valence interactions, but might be effected by the dipolar ion core. Under these conditions, Watson 51 has shown that the perpendicular components of the orbital angular momentum are quenched by a factor of
where , in atomic units ea 0 , represents the core dipole moment taken at the center of mass. With an ab initio calculated dipole moment 52 of 2.5 Debye, or 1 ea 0 , the l uncoupling matrix element will be reduced by 13%. 
